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In Part I, confirmetory evidence has been adduced {or the mechanism of lacta-
mization of methyl esters of a~lj-toluené-p-sulphonyl derivatives of aw-diamino-acids
in aqueous solution, which was described in the Final Technical Report under Contract
DA=H =59 ~E0C=1301. Participation of the sulphonamide-group has been excluded, sinoe
the kinetics of lactamization of methyl Y-amim-_]_,-vﬁ-metlwltoluene—g—sulphmmidobuw-
rete ({MTBME), in which ionigation of the sulphonamide group is precluded, ere exactly
parallel to those of the compounds studied earlier,

In Paxrt II, kdnetic studies of the action of trypsin on various synthetic sube
strates heve been amplified. The significance of the experimentally cbserved values
of various kinetic oonstants is consider<d theorctically in the light of the probable
three~step mechanism for catalysis by proteolytic enzymes such as trypsin. 1In the
trypsin-catalysed hydrolysis of esters of a=-N-toluene-p-sulphonyl-[~arginine, acylation
and deacylation both appear to influence the overall rate of react:on, while in the
case of esters of a=-N-benzoyl-l~arginine, deacylation is rante~determining. 4An
ionirzable group, whose apparen-t. PRy and heat of ionigation are consistent with those
of an imidazole nucleus, is implicated in the trypsin-catalysed hydrolysis of a=N~
toluene-g-sulphoxwl—&-arginine methyl esters Cholate ion accelerates the trypsin-
catalysed hydrolysis of esters of a.-g-toluene-g-s'ulphorwl-&-arginine and -homoarginine
slightly inhibits the hydrolysis of a.-y-benzcyl-g-arginine ethyl ester (BAEE), Using
substratc concentrations high enough to ensure obedience to zero=order kinetics,
activation constants have been dctermined. Those for the trypsin-catalysed hydrolysis
of the methyl end ethyl esters of a-J~tcluene-p-sulphonyl-jerginine (TAME and TAEE)
oonverge to practically identical velues with increasing cholate-oconocentretion. This
suggests that in presence of sufficient cholate the acylation step is sufficiently
accelerated so that deacylation of o common intermediate becomes rate-determining,

The same effect is possibly exerted by cholate on the hydrolysis of a~}-toluene-p-
mlphorwl-&-homoarginine methyl ester, and supporting evidence is adduced from deter-
mination of appa:;-ent K“ values, c.-g-'l‘oluem.hg-sulphor\yl-g-omiﬂmim methyl ester is
slowly hydrolysed by trypsin at pH 7.0 and the kinetics are first-order with respect
to substrate. There 1s evicdence thot this rcaction is not completely stereospecific.
The hydrolysis is appreciably accelerated by cholate with an attendent decrease in the
apparent energy of activation for the reaction.

In Part III, we rcport & study of the kinetics of thrombin-catelysed reactions,
Using the Ehrcnpreis and Scherege unit (J. Biol. Chem., 1957, 227, 1043) as a means of
expressing thrombin activity, it has been shown that the velocity of a thrombin-

catalysed reaction is proportional to cnzyme concentration. In contrast to
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trypsin~catalysed reactions, the velocity of hydrolysis of TAME by thrombin is decreased

by sodium or potassium ohloride. Like trypsin-catelysed reactions, on the other hand,
the rate-determining step for the hydrolysis of csters of a=N-benzoyl=]rarginine by
thrombin appears to be dsacyletion. In the case of esters of a~N-toluene-p-sulphonyl-
B—arginine, both acylation and deacylation influence the overall rate of hydrolysis.

The methyl ester of a~l-~toluene~p-sulphonyl~L-lysine (TIME) is hydrolysed by thrombin

at a rate similar to that of TAME., Ratc constants for the thrombin-catalysed hydrolysis
of TAME and B/AEE do not obey the Axrrhenius luw. The apparent disasociation constant of
the ionigable group, which is involved in the thrombin-catalysed hydrolysis of TIME, is
rather lower then that associated with the trypsin-catalysed hydrolysis of this substrate.
Cholate and glycocholate accelerate the thrombin=catalysed hydrolyses of substrates con-
taining the a~N-toluene-p=sulphonamide group, but inhibit the hydrolysis of BAEE. The
apparent K“ velues for the T/ME~ and BAEE~thrombin systems are both decreased by bile
salts, The mechanism by which bile salts modify the kinetics of thrombin~catalysed
reactions is probably similaer to that postulated for trypsin-catelysed processcse.
Non-ionic detergents such as Tween 20, Tween L0 and Tween 80 accelerate the hydrolysis

of both TAME and BAEE by thrombin.
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PART I, THE KINETICS OF LACTAMIZATION OF METHYL ESTERS OF SOME am=N=TOLUENE-

P-SULFHONYL IERIVATIVES OF ae~DI/XINOWACIDE IN AQUECSS SOLUTION,

In Part I of the Final Technical Report under the preceding contract
(No. m:'91-591-wc-1301), it was shown that lactamizetion of the methyl esters of
a.-ﬂ-toluene-g—sulphowl-g-ornithim (TOME) and y=-anino-a-toluene-p~sulphonami do-
butyric acid (ATBME) proceeded with hydroxyl-ion catalysis in the pH range 7.8 -

8.5. We proposed the following mechaniam for this reaction:

B
+ S5+
: ., m ) —n7
O S LR N
U e p T .
Rs.NR.m.C\ TosNR.CH.C" Tos . NR.CH, —=——— ¢
OMue = e ~ o
e
(1) (11) (1I1)
~MeCH
O
(cu,) ——e

To3.NR.CH{ =—w==—a( = 0

(zv)

The initial rate of proton release at constant pH, U, was given by the equation:

1 = [K*] + ss00csc0cense (1)
I~ T, Caon

where k is the second-order rate constant for the lactamization process,K is the

dissociation constant of the protonated amino-group of the ester (I), Ky is the
ionic product of water, and [S]ﬁ is the initial ooncentration of substrate, The
value of K, as evalusted from the application of equation (1) to our experimental
data, was inconsistent with the participation of the sulphonamide group, and such

a mechanism appeared unlikely. In order to obtain definitive evidence on this
point, we have now synthesised methyl Mmim-?v&-meﬂwltoluen&g—mlphommido-
butyrate (AMTEME) in which ionization of the sulphonamide group is precluded. This
compound wes readily obtained by methylation of y-benzyloxycarbonylamido-l~a~toluene=
p-sulphonamidobutyric acid in a manner similar to that described for the synthesis of
sarcosine (Cocker and Lapworth, J. Chem. $nce, 1931, 1894; Cocker, J. Chep. Soc.,
1937, 1693). Hydrogenation and esterification completcd the synthesis. The y-
benzyloxycarbonylamido=-group was proved to be unaffected by methylation, since the
acld afforded by hydrogenztion yielded nitrogen when treated with nitrous acid in



~ly

& Van Slyke apparatus. In addition, the ultraviolet speotrum of the N-methyl acid,
like that of N-.oluene=p=sulphonylsarcosine, was identical in acid end alkaline

solution, whereas that of y-amino-[~a-toluene-p=sulphonamidcbutyric acid exhibited
a pronounced hyperchromic effect at high pH values resulting from ionirzation of the
sulphonamide group. The kinetics of lactamization of AMTEME were found to be very
similar to those of the two substrates previously studied, end our earlier views
concerning the mechanism of lactamization are fully confirmed. Lactamization of
these esters appears not to be subject to general-base catalysis, since neither
pyridine nor imidazole affected the velocity of reaction. More kinetic runs have
been carried out on TOME and ATBME since the last Final Technicel Report, and the

oomplete results are given in Table 1 and 2,

TAELE 1.

Initial rates (103‘40, mole 1.'1min.-'1) of proton releasc dquring lactamization of the
esters (II) (standard crrors of the means in parentheses),

R=H pn=2 R=Me, n=2 R=H g=3
., . ,.-—-A—-“

P 200 250 300 250 250 }0°
7.80  0.76(0.01 1.,30(0.03)  4.47(0.04) 1.,02(0.01 1.,72(0,05)  5.25(0.41
7.90  1.22(0.06 2.34(0.08 6.62(0.47 1.45(0.07 2,98(0.07 6.9%.(0,12
8,00 1.86(0.03 3.30(0.07) 8.80(0.22 2.19(0,14)  4.32 2.47) 41.08(0.25
8,10  2,53(0.04) 4.35(0.07) 44.34{0.l1 3.54(0,08) 6,27 0,08) 16,22(0.16
8,20 3.75(0.07 5.31(0.12) 15.£9(0.69 L.70{0.17 9.30(0.40) 23.09(0. "
8,30 4.89(0.17) 7.58(0.24) 24.45(0.33 6.,18(0.44) 12,07(0.39) 30,35(0.77
8,40 7.23(0.20) 9.48(0.36) 27.94(0.93) 8.27(0.53) 21.39(0.80) lholih(1.32
8.50 9.” 00#9 12070\3.19 36.&5 0077/ 11 032 0.28 30010-3 1.07 59077 l‘..19

TAELE 2,

ﬂg values for the esters (II) and second-order rate constants (104‘1:, mole'dl.nd.n.ﬂ)
for their lactamization (atancard deviations in parentheses),

R=H, n=2 R=Me, pn=2 R=H, =3

.
’ NPtan— ,——-&—-\
20° 25° 30° 25” 25° 30°

Veeeens 8072(0410)  8.4,7(0,09) 8.42(0.,03) 8.66(0.06) 8.97(0.20) 8.69(0.10
?g’-kg... 1.77(0.18) 1.54(0.13; 30050.093 145 0.09g u.66$0.93; 5 350.58



PART II.

In Parts II and IIT of the Final Technical Report under contract DA=94~594-EUC-
1301, we reviewed the available evidence related to the mechanism of action of
trypsin and we presented the results of our kinetic studies using various synthetic
substratea, We reported also that the trypsin-catalysed hydrolyses of the methyl
esters of amN-toluene-p-sulphonyl-Jarginine and -J~homoarginine (TAME and THAME
respectively) were accelerated in :he presence of :.holate ions. Ve do not propose
to review the literature again at length here, and we shall confine ourselves to
presenting the results of our continued studies of trypsin mentioning only those
publications which are pertinent to the development of our concept of the mechanism
of action of trypsin.

Schwert and Bisenberg (J. Biol. Chem., 19, 179, 665) found that, at substrate
oconocentrations high enough to ensure that zero-order kinetics were obeyed, several
esters of a=N=benzoyl-=l~arginine were hydrolysed by trypsin at identical rates.

The inference to be dr:wn fron these experiments is that a commrn intermediate,
(a.—ﬁ-benzoyl-p—argirwl) trypsin, is formed and that the deacylation of this is
rate=determining. The hydroxyl group in the serine residue at the active oentre
is probably the site of acylation. Strong evidence for such intermediates has
been cbtained in the case of chymotrypsin-catalysed rcactions (P. Desmuelle in

"The Enzymes", edited by P. D. Boyer, H. Lardy, and K. Myrblck, Academic Press,

N.Y. 1960, Vol. 4, pe93)s The formation of cinnamoyl-chymotrypsin as an inter—
mediate in the hydrolysis of esters of cinnamic acid by chymotrypsin has been
particularly firnly established (Bender & Zerner, J. imer. Chom. So¢., 1961, 83
2391)., The hydrolysis of N-iraps-cinnamoylimidazole is catalysed by either trypsin
or chymotrypsin at pH 5.2, and the formation of an intermediate cinmamoyl-derivative
of the enzyme has been demonstrated in each case (Bender, Kaiser and Zerner, J. Amgr.
Chege S0g., 1961, 83, 4656). The kinetic mechanism of action of these enzymes can
thus be summarized in the expression:

RY'CH
k +
R.CO.OR' + En;ynf& BEnzyne- —5-' acyl- —-}—-' ROOH + Ensyme
aubstrat? (2)
OOBPJ.GX m ®00000000

Ik

Both the enzyme-suustrate oomplex and the acyl-enzyme are assumed to contain acidic

groups which must lose a proton for reaction to proceed. The y&a values of these
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groups are not necessarily identical, Indeed, if an imidazole group is implicated,
hydrogen-bonding between the hydroxyl group of the serine residue and imidazole could
occur in the enzyme~substrate complex, but not in the acyl-engyme, On the other hand,
hydrogen-bonding could ocour between the imidazolium group and the carbonyl-group in the
acyl-enzyme. Consequently, the plg of the group in the enzyme-substrate complex would
be expected to be lower than that of the group in the acyl-enzyme. Such a difference
has been found in the chymotrypsin-catalysed hydrolysis of p-nitrophenyl acetate
(Gutfreund and Sturtevant, Proc. Nat. Acad. Sci., 1956, 42, 719). These authars have
also derived the kinetic oquetions which govern the three-atage mechanism outlined above,

When the steady state has been established, the velocity of reaction is given by:

k, k; (8] (2]
== T -t
(k, + k3) (8] te K

'k, K
vhere  k, = X2 '1:41"7‘[?] RN (N

a x BK ceescessescescareansees (5)
A L

Experimentally an apparent rate oonstant ks('\pp) and an apparent Michaelis constant

000 as00 00000 (3)

xl((app) are obtained, and these are related to the true rute constants as follows:-

= Ju N (-
l-‘g-(aw) ;12 * -‘é’»- @

' ' t
k k k
xl(aPP) = '...Bk' R -4+:2'(7)
kp + k5 ky * kg ky
The determination of the offect of pH on ki(app) leads to an cpparent dissociation con=-

stant, x(npp)’ which is n function of the dissociction oconstants K1 and l’.z and the rate

constants k2 and kj.

KK, (x, +Xk,)

Yerp) “EX,+ £

When deacylation of the acyl-enzyme is rrte~determining, k2 »ky and, provided that Kz

0000900000000 00000000000000000 (8)

does not greatly excecd K1
Kerp) ® %o
Conversely, if the acylation of engyre is rate-determining, k2 1(4 k}, and, provided that

K1 does not grently exceed K2
Kap) * &

In general, lcstkztnk3 undK1 = nlzo

Honce, K(yppy = -t d) . 2 (asd)

mn + 4 mm ¢+ 9

If )1, KD x(app)) K, and converscly, if n¢1, K x(m)) K.
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Thus, x(npp) always lies betweon the two dissociation constants, but under speciel

conditions may approximate to one of them,

We have studied the ldnetics of the trypsin-catalysed hydrolysis of the methyl,

ethyl, and oyclchexyl esters of a=Ne~toluene=p-sulphonyl=[~arginine (TAME, TAEE, and

TACHE respectively).
order kinetics, we were able to measure k

to determine the activation conatants,

t

3(app)

By using substrate concentrations high enough to ensure zero-

over a range of temperatures and thus

The results are presented in Tebles 3 and 4,

t
Rate constants (kB(aPP)) cre quoted with standard deviations; the number of deter-

minations is given in parentheses,

£+°c TAME TLEE TACHE BLEE
(seg ') (sec ) __(sec,) (sec) (secs')

15 49.22%2.21 (4) 63.4422.39 () | 7.08620.171(k) | 2.286 20,098(7)
20 67.41%2.80(4) 85.84.28,86(20) 1048 20.66 (4) | 3.042 20.108(8)
23 | 85.72%1.35 ()
25 | 93.00%8.7317) | 93.45%0,7(3) | 108.6 240 (6)] 14.38%0.62 () | 4.0 20.212(8)|
28 }110.6 35,5 (6)
30 |124.7 26,6 (10) [123.8 1.7 (3) | 146.7 8.7 (5)] 21.49%1.37 (6) | 5.3 0.231(8)
57 176.8 27.5 (6) 183.8 27,7 (8)
Ioble L.

Activation constants at pH 8.4 for the trypsin-catalyscd hydrolysis of derivetives

[) Of ine.

Activation constants, with standard deviations, were calculcted by the method of

weighted lecst squares,

X_(cals./oole) | al*(cals./mole at 25°)] O8*(cals./nole/C at 25°)| OGoals/mole at 25)
TAE %30 2410 8830 % 110 «19.8 2 0.4 w9 T 2
TAEE 10450 ¥ 320 9860 X 320 6 144 w2 X 2
#mm 8700 ¥ 390 8110 % 3% 22,0 1.3 14679 £ 14
BARE 12540 ¥ 350 11920 £ 350 “3.2 ¥4.2 15856 X 10
Emm 910 70 9220 2 70 2.8 0.2 16621 2 2
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It will bc seen that thero are small but dsfinite differences between the values

cbtained using TAME, TAEE, and TACHE, There are two possible explanations. The
hydrolysis of the acylated trypair: nay no1': be rate-determining and k'S(app) may
include contributions from both k2 amd k3 s Alternatively, the mechanism is more
complex than that outlined sbove, Bender and Glasson (J. 4mer. Chem. Sog., 1960, 82,
3336) have obtained strong evidence for the presence of a site in chymotrypsin which
binds water or aloohols, and it is poasible thot 2 similar site exists in trypsin.
The hydrolysis of the acylated enzyme may be an imtramoleculer process involving a
molecule of water bound ot a site close to the aoyl group. If the molecule of
alcohol, which is formed during the acylation of trypsin by the ester substrote, com-
petes with water for this site, the agyl-trypsin intermedictes formed from the three
substrates can no longer be regarded as identical,

We pointed out in the previous Finnl Technicel Report that the entropy of actli-
vation for the hydrolysis of TH/ME 1s more negative than for the hydrolysis of TAME,
suggesting a greater degree of structursl organisation in the activated¢ complex.

This may reflect a deformation of the enzyme, an increansed binding of solvent or a
more complex distribution of charges over one of the activated complexes involved in
the hydrolytic mechanism, Unfortunately, we have no information so far ooncerning
the nature of the rate-determining step.

The kinetic constants for the txrypsin-catalysed hydrolysis of a-n-bennoyl-?
arginine ethyl ester (BAEB) are close to those recarded for the related methyl ester
(BAME) (Schwert and Eisenberg, J. Biol. Chem., 1949, 119, 665) after correction of
the value fer 8S¥ reparted earlier (Final Technical Report, DA-91-591-EUC-1301), This
supparts the postulate thet a comuon intermedicte (a~j<benzoyl=lrarginyl)trypsin is
formed and that deacylation of this by water is mte—deternd.nin;. It also implies
that ethanol and methanol are not appreciably bound in the acgylated intermediate.

1
Determinstion of k, at various pH values and temperatures has been carried

{epp)
out using the T/ME-trypsin aystem. We were able to calculate the apperent disso-
ciation constants at the Qifferent temperntures (Table 5), x(am)’ and the apparent

heat of ionigation.

Isble 5.
volue
Temperature (°C). a
TME THAME

15 7.770 2 0.02¢

20 7.688 2 0,044

25 7.529 3 0.048 6.93% 2 0,037

X 7450 =~ 0,038

) rmltopw | i
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The apperent heat of ionisation for the TAME-trypsin system was 7070 ¥s5% oals,/

mole, a value consistent with that for an imidazole micleus, It is notable that the
p‘ for the THAME-trypsin is considerably lower than that for the TAME~trypsin system
at the same temperature, 8Since it is likely that K, M K, ar pK 1 PK,, the lower
apparent an foar the THAME=trypsin system mey be an indication that the ratio k.z /k'3
is much lower for this system than for the TAME-trypsin system. In other woards, the
agylation step may be the main rate-limiting stage in the mechanism, Our results
differ somewhat from those of Ronwin (Blochim. Bionkvs. 4cta, 1959, 33, 326), but the
oonditions were rather different.

Ve next compered the effect of cholate on the kinetics of the txypsin=catalysed
hydrolyses of TIME and TAEE at high substrate concentrations. Unfortunately a
similar investigotion using TACHE was precluded, since addition of cholate to an
aqueous solution of this substrate gave a precipitate, The hydrolysis of both sub-
strates wns nocelerated by cholate and the results, presented in Tables 6 and 7, show
that the rates of hydrolysis, ks (app)’ and activation constants for the two substrates
become much closer for the two substrates in presence of choleste. Thus k'2 and/or
k; mast be incressed by cholate. It is, of oourse, possible that one of these rate
constants is decreased by cholate provided that the other is sufficiently inareased
to give rise to an overall increase in k:’;(app)’ and an increase in the ratio k'z/k'3
night explain the convergence of the activation constants for TAME and TAEE in presence
of cholate. This phenomenon could be also explained if cholate helps to remove the
bound alcchol from the specific site on the acylated txrypsin, and permit its replace-
ment by water., Such a process would increanse the rete of hydrolysis of the acylated
trypsin (i.e. increase k;) and would explain, at lescst in pert, the observed aocele-
ration of the hydrolyses of TAME, TAEE, and THAME by cholate., Cholate may intervene
in these reactions in other weys, however, and the relative importance of the various
effects may depend on the particular substrate. Thus it will be seen (Tadle 7) that
when TAME or T/EE are used as substrates, cholate tends to decrease oﬂ" and to make
»8* more negative, Conversely, in the hydrolysis of THAME, although this also is
aocelerated by cholate, nddition of cholate increascs ai¥ end makes os¥ less negative,
If it is assumed far the moment that deacyletion of the acylated enzyme is the rate-
determining step, cholate apparently affects the atruoture of the aotivated state as
well as possibly influencing the binding of water or aloohol in the ground state,
Such perturbations of the activated stote might include (1) alteration of the helical
ocontent of the polypeptide chain, (2) alteration of the degree of solvent binding,

(3) altcration of the number and distribution of charges, Alternatively, if the
foregoing postulate that the TAME~trypsin and THAMB-trypsin systems differ with regard
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to the 1:2/1:3 rotio is correct, the opposite effects of cholnte on the apprrent acti-
1 t
vation constants may reflect the differing weights of k 2 and k 3

'
rate constant k 3(&‘_',p)t‘o::- the two systems., It ir interesting to note thet increasing

in the composite

cholate concentxr.tion above 0.002 M has little further effect on the kinetics of the
hydrolysis of THIME, unlike the case of TAME, where cholate continues to modify the
kinetics up to o concentration of 0,006 M. The effects of cholote on the hydrolysis

of the above substrates by trypsin is not due to general-base catalysis, since acetote

ion was inanctive,

Tible 6.

Rate constonts at pi 8.4 for the trypsin-cotalysed hydrolysis of derjvntives
of erginine and homoarginine in presence of cholate.

Rote constants (k

]
3 (app

)) cre quoted with standaré devirtions;

the number of determinations is given in parentheses.

TAME

IAEE

JEAME

BAEE

57.98% 2,08(10) 49.22% 2,21 (1)
69.20% 3.71 () 71.272 2.39(4)

81,665 2.97 ()
+*

89.17% 7.11 ()
97,615 2,69(1)

2.286% 0,098(7
2453 0,105(8
2.589% 0,062(4
2,496 0,07 (4]

79.09% 2,21 (8)
90.21% 2,89 (1)
1045 2 8.1 (1)
121,52 7.4

67.41% 2.80(4)
98.11% 4.69(4)
H17.4 2 5.9 (4)
135, £ 3,3 (3)

3,04,2% 0,108(8
3.406% 0.065(7
3.696% 0.228(4
3,672 0.107(4

7.086%0.170.(4)
7.072%0.068(3)
6.4,06%0.169(4.)
| 6,127%0,291 (1)
10,48 20.66 (1)
9,76720.310(%)
9.528%0,369(4.)
9,060,126 (4.)

85.72% 1.35 (4

1147 % 3.3 (41

133.0 X 3.6 (4
145.3 % 1,6

93,00 ¥8,73(17)
110.8 2 4oty (45)

129.1 = 7.7 (45)
'. : 6

110,6 = 5.5 (6]
W4 T 1.5 (5)
166.4 = 5.5 (6)
183.8 £ 5.4 (6]

9345 20,47 (3)
1246 ¥ 0.8 (i)
152.3 2 9.8 (%)
466,52 1.4 (3]

L1 X0,212(8

Lokt 20.19(8

4.766 20,067
+

#nimmyaﬁmm

14.38 20,62 (i)

1416 21,27 (1)

13.38 20,37 (&)
+

il

124.7 ¥ 6.6 (10]
159,22 9.1 (1]

123.8 2 1.7 (3]
M62.4 L 4ot (&)

189.5 ¥ 3.7 (4]

YuNukeEy aa&hama&aaabsssaaaab
E

176.8 2 7.5 (6)
221,72 3.2 (5
250.4 L 5. (4
2794 25,7 (&

197 2125 (4]
+

5,31 20.231(8

6.083 20,229(8

6437 20.365(
+

21449 21,37 (6)

20.27 21,60 (i)

19486 21.26 (1)
+




Actiwation  [holote (md) TAME TTARE THAM® BAER
. Constant

0 9,30 ¥ 110 104,50 ¥ 320{ 98102% 70 [12510 L 350
3, (cals./nole) 2 9330 % 2,0 | w40 % 230] 10280 £ 360 | 14690 2 450
L 8940 2 410 | 90102 70| 10400 % 230 J12750 £ 300
6 8560 £ 120 | 8460 X 580] 11060 £ 610 | 12690 X 370
0 8830 £ 110 | 9860 ¥ 320] 92202 70]411920 2 380
oF* (ocls./nole 2 870 X 30| 8a,0 2 230] 9680 & 360 [ 11090 2 450
at 25°C.) 4 80 2 10| a20 70| 9810 ¥ 230 | 12160 £ 300
6 7970 £ 120 | 7860 £ 580} tou70 2 610 12100 ¢ 370
0 «19.8 2 0.4 |16 21,4 -24.8 2 0.2] ~13.2 24,2
ost (cals./mole/| 2 “19.7 % 444 | ~19.3 2 0.8] =23.0 £ 1.2] ~16.1 £ 1.5
OO U»t 2500.] ll\ -2007 : 1.5 -20.5 : 002 -22.5 : 008 -12.6 : 110
6 217 o | 22,0 £ 1,9] 20,3 % 2.4| ~12.8 £ 1.3

0 wny Xz Jageeta | 46621 2 | 15856 2 10

o¢* (cals./nole 2 we10r8 s 2o |16552% 7 | 15886 2 10

at 25%c.] & w509 10 a1 165232, | 15906 X 7

6 w322 st 7 165102 43 | 15929 2 7

The irypsin-catalysed hydrolysis of BAEE, unlike those of substrates bearing a

a~N-toluene~p-sulrhonemide group, was inhibited slightly ty cholate.

8ince the

\
available evidence incicntes thnt acyloation of trypsin by BLEE is so fast that

k3 (app) =

alightly inhibit the deacylation stage.

'
k 32 it now appecrs thet cholutec night accelerate the acylation atep and

We have founc that the apperent x“ for the TiME-trypsin systen is much lower

than the velues quoted by Mortin, Golubow, ond /xelrod (J. Biol. Cheme, 1959, 23

1718) and Rorwin (Biochim. Biocphys. icta,

1959, 33, 326).

The former workers

deternined K. at pH 8.0 and 25 in O.,1 M calcium chloride, while Ronwip uscd either

veronal ar succincte buffer at 38° ~nd determined l{" over o range of pii velues in

the presence of 0.0066 M calcium chloride,

of agreement, although the conditions were not identical;

mined K“ in the atsence of buffers,

it pH 8.4 and 25°, in

‘¢ arc unoblc to account for the lack

in particular, we deter-

presence of 0,001 M

calcium chloride, we find that the K.( p) for the TAME-trypsin system is 648 2 0,21

x 10 6](. In presence of 0,002 M cholate, the value is 1,09 = 0.08 x 10-&. The value
of xl(app) is sensitive to alturations in the valucs of all four rate constants, k1,

Refercnce to equation 7 shows that an increasc in k would increase

kg Kz Kyo 3
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t
rations to kz depend on the relative magnitude of k_1 andkj. If 1:_4 - l:}, an
1
would decrense Kll(app)' Theeretically, if k ) <k 39 the oconverse

‘l(a. o)’ vwhile an inorease in k1 or k . would decrease xll(a.pg)' The effect of alte~

increase in ):'2
would be true, but this would bc most unusucl for an enzyme-catalysed reaction, It
is not possible to determine from the present data which rate constants are affected
by cholate in the T/ME=trypsin system.

Values of Kll(npp) for the TH/ME-trypsin system under various conditions are
recarded in Teble 8,
Isble 8.

Kld(upp) values for the THARE=-trypsin system at 25°.

(Values of l&l(app) are quotcd with standrrc devintionsy the
mumber of complete determinations involving 6 - 8 runs is

given in parentheses).

! Cholcte conc'n.(cM) 10* K“(npp)(moles/litre)
7.0 0 2,391 L 0.070 (3)
8als 0 3.320 £ 0,017 (&)
8 2 2.5,3 2 0.288 (4)
8uls 6 2,243 2 0.058 (2)

It will be scen that ]S((app) increases with pH over the range 7.0 = 8.4. Since

K,

' '
it is 1ikely thnt k 3 increascs considernbly over this range, while k 2 is much less

the dissociation constant of the grour in the Michaelis complex is higher than Kz,

sensitiwe, The incre~se in Kl(app) with increasing pH is probably attributeble,

t
thercfore, to the inorease in k 3 The decrensc in K"("m) in presence of cholate,
on the other hand, is probably due to an increrse in k2. The wvelue of k3 probably

does not clter nppreciably, as suggested by the forcgoing work, but a small change in
either direction is possible,

Ve were unoblc to study the trypsin-cntnlysed hydrolysis of a=jj~toluene-p-

sulphonyl=J~ornithine ncthyl estcr (TOME) ot »H 8.4, in view of the lactcmization of
-
the substrate, vhich is c:t: lyscd by hydroxyl ions (P-rt I). Trypsin wrs found to

catrlyse thc hydrolysis of TOME ~t pH 7.0, howcver, with little concomitant lacte-
nization, The Kl(wpp) mist be very high, since thurc wns no depnrture from first-
order kinetice with respect to substr- te even when thc substrte conocentration was

ns dgh s 5 x 10-3I. Pascuco=first-orcer r~t. constants ~re rvcorced in Trble 9.



e g

(Rote constants rre quoted with standerd ddviations; the number of

deterninations is given in parentheses).

1% k (aeo.-"/mole trypsin/litre).

No cholate 2 o cholate
15 66,69 £ 4.7 (4) 89,06 £ 2,18 (1)
20 97.83 £ 3.06 (4) 123,08 ¥ 2,57 (6)
25 133,02 2 348 (4) 169.58 2 2,78 (1)
4 193.39 £ 2,61 (6) 241,06 211,90 (6)

In the presence of 0,002 M cholnte, the cpparent emergy of activation is decreased
from 12280 ¥ 290 cnls./mole. to 11180 ¥ 260 crls./mole. It is not possible to decide
from the present dnta which step of the enzymic mechoanism is nffected by cholate. The
hydrolysis of TOME by trypsin does not appear to be completely stereospecific. Using
the E ester, we found that the reate of clkali uptcke in presence of trypsin wos
greater thon when the !—oater of half the molar concentrntion wes used os substrate.
Moreover, when the !—ester w~s used as substrate, clkali uptoke contimied beyond the
velue representing 50K hycrolysis. This was shown not to be due to lactamizatiom,
sinoce a sample wns hydrolysed with trypsin until 74.8% of the theoretical amount of
alknli required for complete hydrolysis had been used. A4t that point a Sfrensen
titration indiceted that only 8.6F of the total amount of ester had lactamized.
Finally, although good first-orcer plots could be obtrined from the hydrolysis of the
I~es8cr in presence of trypsin, similer annlysis of kinetic runs with the [fr~ester
gave curves, indiccoting that at least two renctions with different rate constants

were prooceeding simultanecusly. It is possible thnt the loss of complete stereo~
specifiocity is due to the shortness of the sido-chain of ornithine ocompared with
arginine nnd lysine., Attachment of TOME to o specific site on the enzyme molecule
by the protoncted amino group moy be weakened. Further shortening of the side=chain
might preclude cny attachment to the specific site nnd this presumebly explains the
frilure of trypsin to cotalyse the hydrolysis of ATHME.
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Thrombin is a proteoclytic ensyme which is responsible for the oonversion of

fibrinogen into fibrin during blood=clotting; it also displays esterase activity
towards substrates like TAME. Inhibition of thrombin by di-isepropyl phosphoro-
fluoridate, followed by partial hydrolysis, has revealed that this ensyme, 1ike
trypsin, chymotrypsin, elastase, and cholinesterase, has the amino-acid sequence

= gly.asp.ser.gly = at the active centre. Unfortunately, throwbin has not been
purified as completely as trypsin or chymotrypsin, ané it is necessary to define a
suitable unit of aotivity. The literature abounds with different units for expres-
sing thrombin activity, and we have selected that due to Ehrenpreis and Scherzga

(- Biol. Shem., 1957, 227, 1043) as the most suitable for our purpose. One
thrombin unit is defined as that amount of enzyme required to liberate 0,1 umole of
acdd per minute from 1 ml. of 0,04 ¥ TAME at pH 8 in 0,15 M KC1 at 25°. We were
sble to confirm the cbservation of Emrenpreis and Scheraga that thrombin solutions
at pi 7 and 0°C retain their esterase activity for at least nine days. On the
other hand Rorwin (Capad, J, Biochem, Physiol., 1957, 35, 743) reports that thrombin,
dissolved in glyocercl-water (1 : 1) or isotonic saline, becomes more active as an
esterase during storage at O=4C. Using BAEE (5 x 10°°M) as substrate, we found
that zero-order kinetics were obeyed and the velocity was proportional to the

enzyme conoentration.

The thrombim-catalysed hydrolysis of TAME is markedly dependsnt en ienic
strength. Ronwin (Capads J. Biochem, Fhvsiol., 1957, 35, 743) has reported that
increase of ionic strength inhibited this reaction, but since he used buffers as
well, the results are difficult to interpret. Our results (Table 10) were obtained

]
in the absence of buffers, and it can be clearly seen that k, ) decreases

(app
asymptotically with increasing strength to a limiting value which depends on the

]
cation, Our results do not affard z linear relationship between log k, and /R,

where p is the ionic strength, as might have been expected. Scheraga and
Enrenpreis (Proc. 4th Intern. Comer. Bioshemistry, Vienna, Pergamcn Press,

Vol. X, ps242) have briefly reported that sodium chloride inhibits the hydrolysis
of TAME by thrombin as the ionic strength is increased. Their results qualita=-
tively resemble ours and afford no linear relationship between log k; and fu.
A possible explanation for the oomplex connexion between log k. and p may be the

3
presence of more then one esterase activity in the thrombin preparations.
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Dakle 10.
Effect of ionic strength on kg.( ) for the thrombin-catalysed
hvdrolvals of TAME et off 8.4 and 25°C.

'
k3 (app) values are quoted with standard deviations; the number

of {nterminations is given in parentheses.

Cano'n. of salt (M) 1051:'5 (agp) (PoLes/Litre/nin, /Scheraga unit/1itre).
NaCl 01
0.00 18.07 % 0.076 (5) 18.071 X 0.076 (5)
0.05 5,082 2 0.663 (3) 130104 0,381 (3)
0.10 6,754 X 031 (&) 12,361 2 0.238 (2)
0.20 5114 £ 0,808 (2) 12,802 £ 0,751 (2)
0.30 44289 ¥ 0,104 (2) 84832 ¥ 0.125 (2)
0.40 3.880 £ 0.287 (2) 8,809 X 0.166 (2)

Surprisingly, the rate of hycrolysis of BAEE by thrombin was insensitive tc
the ionic strength when sodium or potessium chloride was added to the system. 4
possible explanation of the inhibition of hydrolysis of TAME by thrombin with in-
areasing ionic strength is the existence of a mechanism which involves the approach
of ions of unlike charges. Since TAME has a positive charge on the guanidine group,
it might be argued that a negative charge exists at the active centre of thrombin,
Such a charge does exist on the f- 002- group of the aspartyl residue, adjacent to
the serine residue which is phospharylated by di-isopropyl phosphorofluoridate.
This explanation is weakened, however, by the insensitivity of the BAEE~thrombin
and TAME-trypsin systems to change of ionic strength. On the other hand, it is
possible, as outlined below, that the acylation step controlled by ké ocontributes
to kj (epp) in the TAME-thrombin system, but not in the BAER-system. In this
event, the acylation step only could be sensitive to change of ionic strength, in
which case, it could be an indication that a negatively charged group is the
macleophile which attacks the carbonyl-cerbon atom in the substrate. Further
evidence must be obtained before this point can be estoblished, It is puzzling
that the TAUME-trypsin system is insensitive to change of ionic strength when other
evidence indicates that the acylation step is partially responsible for the observed

value of k; It is of intercst to recall that the velocities of certain

(app)*
hydrolyses catalysed by chymotrypsin and ficin are increased as the ionic strength is
increased (Shine and Niemann, J, Amer. Chem, Soc., 1955, IZ, 4275; Martin and
Miemann, J, fmer. Chem. Soc., 1958, 80, 1481; Hammond and Gutfreund, Biochem, J.,

1959, T2, 349).
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We have determined ks (app) for the hydrolysis of a range of esters in presence
of thrombin at pH 8.4 and 25°C.  These includc TAME, TAER, TACHR, BAEE, BAME, a—j-
toluenedg-sulphorwl-!-arginine p-oropyl ester (TAPR), and a-ﬂ-toluene-g-sulphowl-?—
lysine methyl ester (TIME). The results are presented in Table 11.

Teble 41,
k:'= {app) for the hydrolysis of verious substrates by thrombin at pH 8.4 and

25°0 in 0.1 M sodium chloride solution.

Valua.ctks (epp) °X° quoted with stendard deviations; the number of deter—

minations is given in parentheses.

Substrate 107k} app)(moles/litre/min./Schera.ga unit/litre).
TAME 6,754 £ o.um ()
TARE 2.988 2 0,051 (10)
TLPE 2.611 2 0.056 (6)
TACHE 6.538 X 0,088 (6)
TLME 104430 £ 0,601 (6)
BAE 3.233 2 0.0m (5)
BARE 3.246 2 0,013(15)

It will be noticed that TACHE is hydrolysed considerably more rapidly than TARE or
TAPE, and it is intewesting tbat this order is the opposite of that expected in the
non-ensymic alkaline hydrolysis of esters. A4s wes found in the case of trypsim,
esters containing a a~j§~tolucne-p-sulphonamide group do not hydrolyse at the same
rate, Henoe, we may oonclude that for thesc substrates, deacylation of an soyll-~
throabin is not uniquely rote-determining; the acylation step governed by kj mekes

a significant contribution to k On the other hond BAME and BAEE are

3 ‘app)’
hydrolysed by thrombin at indistinguishable rates, and it may be concluded that
deacylation is rate-~determining, i.e. k; ‘app) = ks o The foregoing observati ons
are thus similor to but rather more strildng than those found using trypsine Oue
further point may be noted; TIME and TAME are hydrolysed at about the some rate by
thrombin, The distance between the chorged group in the side-chein and the esteor—
carbonyl group is almost identical for the two substrates when the molecules axe in
their energetically most favoured conformations. Ve hove indicated in the studies
on trypsin that the length of the side-chair of the substrate is important in deter-
mining specificity, and the same secoms to be true in the case of thrombin, Im

preliminary experiments, we have found thet TOME is slowly hydrolysed by thrombin,
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and the apparent ‘u is high, as in the case of trypsin, THAME, on the other hand,
is not eppreciably hydrolysed by thrombin, and in this respect contrasts sharply with

h"p'in. .
In the previous Final Technical Report we recorded the results of a limited

study of the effect of temperature variation on k! ) for the TAME-thrombin xys-

3 (app
tem, The results available at that time indicated that an Arrhenius type of plot
was linear., More extensive measurements using both TAME and BAEE as substrates

have since shown that plote of log k! op) ageinst 1/T have a marked curvature

3 (s
(Tables 12 and 13, Pigs. 1 and 2), We are thus unable to calculate activation con-
atmts for thrombinmcatalysed reactions, It is likely that this abnormal .behav:lau'
results from the presenoce of more than one type of esterase activity in the thrombin
preparations This is subatantiated by the very recent iselation by Merciniak and
Seegers (Cenad. J. Biochem. Physiol., 1962, 40, 597) of two fractions possessing
esterase activity from highly purified thrombin. Ronwin (Canad. J. Biochem. Ehvsiol.,
1957, 35 743) found that zero~order kinetios in the TAME~thrombin system were not

obeyed at 380 when amall conosntrations of enzyme were employed, but normal behaviour
was found in experiments when relatively large amounts of thrombin were used.
Neither we nor Sherry and Troll (J. Biol. Chem., 1954, 208, 95) have cbserved this

phenomencne

Iable 42.
Bffeot of tegporature on ki (...) for the JAME-tiyoubin gysteg at
Hi. 8.4 alone end in the presence of oholate.

Values of ks (app) are quoted with standard deviations; the mm-

ber of determinations is given in parentheses.

Tempega ture 105k'3 (epp) (moles/1itre/min./Scheraga unit/)itre)
te No cholate 2 mM cholate
15 4,826 % 7 0.197 (3 6,786 2 3 0.252 (3
1705 5068 : Ooaos ll» 7.”9 ‘ 0.095 ‘b
25 .75'4- Ouli3t (4 9.875 = 0 337 (5
30 9.486 £ 3 017 (4)] 13,533 ¢ 2 0,020 (&
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Iable 13.

Elfoot of temeorature on ki (,..) or the BAER-throubin gvsten

at ol Sed alone and in the presence of cholate.

Values of ks (app) are quoted with standard deviations; the

mmber of determinations is given in parentheses,
turel 13@5 (app) (moles/1itre/min,/Scherege unit/litre)

% ) 2o _cholate olate 6tM _cholate _
10 h.283 £ 0,023 (1) |1.063 £ o.ou (&)
15 4,627 £ 0,037 (3) [1.197 £ 0.051 (&) | 1.146 L 0.055 (3) | 1.a47 £ 0.053 (3)
175 $h.695 2 0,017 (1) [1.279 £ 0,017 ()
20 |2.101 2 0,061 (&) |1.703 £ 0.011 (&)
22,5 2,754 £ 0,013 (&) |4.773 2 0,065 (3)
25 3.2,6 £ 0,013(15) |2.370 £ 0.088 (3) | 1.798 £ 0,059 (3) | 1.603 £ 0.069 (3)
27,5 377 % 0.025 (&) |2.388 £ 0.096 (3) | 1.826 £ 0.067 (3) | 1.690 % 0.108 (3)
30 212 2 0,051 (3) |2.926 £ 0.091 (5) | 2.457 £ 0.093 (5) | 2.217 £ 0.065 (5)
57 18.957 £ 0,021 (4) |5.236 £ 0,011 (3) | 4.105 £ 0.020 (u) | 3.519 2 0.016 (1)

Rorwin (Bioghim. Bigohys. Acta, 1959, 33, 326) has studied the effect of pH-

variation on k5

(app

) for the TAME-thrombin system and has reported that there are

two dissociating groups in the ES complex, and three in the free enzyme. In con-
trast, we detected only onc dissocieble group, px(am) = 6.46 % 0.06, in the TAME-
trypsin system by measuring kS (app) at various pH values at high substrate omn-
ocentration. This could be an imidazole group, but it is likely that the observed
pxa lies between those of the dissociable group on thc ES complex and that on the
acylated enzyme, since it appears from the results desaribed above thot ooylation
is partly rate-determining.

The thrombin-catalysed hydrolyses of substrates such as TAME, TARE, TIME, and
TME, which contain a a~N-toluene-p-sulphonamide group are aceele'rated by cholate

and even more by glycocholate, The thrombin-catalysec hydrolysis of BAEE, on the

other hand, is markedly inhibited by both cholate and glycocholate. The inhibition
of this system is more pronounced than in the case of the tr— cin-ocatalysed
hydrolysis of BAEE, The kinetic modification by bile salts of both trypsin- and
thrombin=catalysed reactions appears to operate by a similar mechanism; acylation
is accelerated while deacylation is retarded. The results are recorded in Tables
12, 13, and 14 There is a quantitative difference between the effects of cholate
and glyococholate. The former, from its effcct on the hydrolysis of BAEE, appears
to be the more powerful inhibitor of the deacylation step., Glycocholate, on the

other hand, is the more effective: nccelerator of the hydrolysis of TAME., This ie



l ]
oonsonant with the postulctes that both k2 and k

TS

3

]
contribute to the overnll rate of

]
hydrolysis of T/ME and that bile salts nocelerate the acylation step governed by k2

and inhibit the decylation step governed by k

Ioble 1k.

t
5.

1
The effect of gholate and glycocholate on k}(app) for_thronbin-

catalys erolyses of vatives of argini s 8 e
Values of k;(t\pp) are quoted with standard deviations; the
number of determinations is given 1n parentheses,
Conc'n '
Bile Salt , (mM) 105k3(app) (molep/11 tre/nin. /Scheragn unit/Litre).
- TAME VA LTHE _BALEE
. Nome 0 |6.75 ¥ 0.431(4)]2.988 £ 0,051 (10) 10,430 ¥ 0.60(6) 3,216 ¥ 0,013(15]
2 k9.875 ¥ 0.337(5)114.539 % 0.062 (3)|14e17 % 0.60(6) 2,370 % 0,088 (3]
Cholate L 4% X 0,16(3)1.798 £ 0,059 (3]
15,96 X 0,63(3)[1.603 £ 0,069 (3
13.98 % 0,22 (5) 15.29 % 0.30(4)]2.326 £ 0.025 (1)
Glycocholate | & J15.78 2 0.49 (6) 17,80 % 0.46(3) [2.202 ¥ 0.029 (1)
6 re.os 20419 (&) 19.29 ¥ 0.27(4) 1,965 % 0.140 (3)

We have nlso Cetermined the spprrent Ky for the BAFE~ and TiME~thrombin systems

alone anc in the nresence of cholcte ond glycochol:ote,

The wvalues of KM(npp) in the

absence of bile salts were sufficiently high to be deternined by the orthodox

tcChnituo

In presence of bile sclts, however, the values of KM(npp) were depressed

to an extent that nade it necessary to measure velocities during the course of single

runs by the process of st-tistically fitting orthogonal polynomials tc the experi-

mental pH-stat traces ané differenticting the polynomicls st various stages during

the reactions,

inhibitory.

This method c~n only be used if the products of hydrolysis cre not

We showed in sep rate experiments thrt addition of a=-N-toluene-p-

sulphonyl=I~rginine to the TiME~thrombin systcn or of a=j~benzoyl-farginine to the

BAEE thrombin system did not oroduce cny detectcoble alteration in velocity.

The

method is linble to fairly considercble error, but the effect of bile salts is

sufficiently vronounced for certain trends to be seen.

in Table 15.

The results are presented
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Iable 15.
for the BAEE- and TAMR-throubin svstens at pH 8.k and 25°
K (app)
Mean values of Kl(app) are quoted with stendard deviations; the

number of determinations is given in parentheses,

Bile Salt 10515‘(app)(moles/ntre)
BAEE A0
None 1.60 £0.39 (5)  3.21 20,78 (7)
Cholate (2nM) 0460 £ 0,10 (6) 0.50 ¥ 0.23 (6)

Glycholate (2uM) 0.7 % 0,14 (5)

0.54 ¥ 0,26 (5)

' '
The effect on K“ (app) of elterations to k2 and k3

' '
increase in k2 or a decrease in k}’ both of which appear to result from addition of

is analysed in Part II, 4An

bile salts, lead to aA decrease in ]S((upp)' The observation that the Kll(a.;p) for the
TAME~thrombin system is more sensitive then that for the BAEE-thrombin system in
presence of cholate is consistent with the view that k;)> k; in the latter case,

A few experiments have been carried out to determine the effect of the non=ionic
detergents Tween 20, Tween LO, and Tween 80 on thrombin-catalysed reactions. The
hydrolysis of BAEE 1s slightly accelerated, w#hile that of TAME is considerably
acceleratede In the light of the faregoing discussion, it eppears that the non—

t

'
ionic detergents slightly increasse k3 and effect & considereble increase in kz. The

results are given in Table 16,

Tal ;2 16.

t
Bffect of non-ionic detergents on k3( upp) for the tr-ombin-catalysed

gis t 8 °,

]
Velues of k}(ﬁpp) are quoted w ith standard deviations; the mumber

of determinations is given in parentheses,
Detergent Conw%;ion 10° k; (erp) (moles/litre/min./Scheraga unit/litre).
TAME BAEE
None 0 6,756 L 031 (4) 3.246 2 0,013 (15)
Tween 20 0.3 9422 X 0,140 (3) 3,667 2 0.09% ()
142 11,026 £ 0,486 (3)

Tween 4O 0.3
142

Tween 80 03

9.219 ¥ 0,331 ()
9.159 ¥ 0,097 (4)
11,603 £ 0,301 (5)

3,508 & 0,082 (3)
3,920 £ 0,116 ()




From the foregoing work, it is evident that trypsin cnd thrombin closely resemble
one arother. Thrombin, however, does appear to be somewhat more specific (see
Scherega and Laskowsid, Adv. Brotein Chem., 1957, i2, %), since it has virtually no
action on T™HAME, The conversion of fibrinogen into fibrin is a further example of
the greater specificity of thrombin compared with trypsine Although fibrin is not a
substrate for thrombin, except perhaps in presence of high enzyme conoentrations
(Guest eand Ware, Science, 1950, 112, 21), trypsin is capable of effecting considerable
degradation involving the clcavage of peptide bonds., Both thrombin and trypsin appear
to ocatalyse the hydrolysis of synthetic substrates by a three-step mechanism, end, for
a given substrate, the relative importence of each step in determining the overall
kinetics is very similer. The behaviour of kinetic modifiers such as cholate appears
to be qualitatively similar with both enzymes; the step governed by l%' is aocelerated
and that controlled by k3 is slightly retarded, If this theory can be confirmed by
further experiments using other substrntes, it is possible that such kinetic modifiers
will be useful in elucidating the mechanism of enzyme-cetalysecd procegses. It is not
possible yet to assess with certainty the impartance of anionic surface-active agents
such as bilc szlts or ohospholipids on biological proccsses such as protein digestion
and blood=clotting, which depend on trypsin and thrombin, The kinetic mechanism of
those reactions described in this report appears to be more complex than at first
seemed to be the cases e have not had time to study the effect of cholate and glyoo=
cholate on more complex recctions such as the conversion of fibrinogen into fibrin, nor
have we been able to study the kinetics of rcactions catalysed by plasmime Clearly, it
would be of considerable interest to do this. We would huve liked to have atudied
the effect of bile salts on the pre-steady state using substrates such as p-nitrophenyl
acetate, but delays in obtaining commercial equipment precluded this, It is hoped,
however, that the authors will be in a vosition to taakle some of these problems in

the near future.

Mr. N. J, Baines worked on this contract from its commencement until the end of
the second querter, Mr. E. F. Curragh has worked on this contract throughout the
whol¢ period. Both men have devoted their complete attention to the problem during
the time that they have been paid under thc contract,

The cost of chemicals and of preparing reports has exceeded the original estimate
of £79,



